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Abstract
A non-destructive method is proposed to detect the located buried defects using scanning 
microwave microscopy. Based on the “skin effect”, our recent developments authorize 3D tomography 
with nanometric resolution. This technique associates the electromagnetic microwave measurement using 
a Vector Network Analyzer (VNA) with the nanometer-resolution positioning capabilities of an Atomic 
Force Microscope. At each used frequency, an incident electromagnetic wave is send to the sample and 
the reflected wave gives information on a specific depth layer in the material. With a large bandwidth of 
frequencies, a 3D tomography is allowed inside the material. With characteristic tools of nanotechnology, 
different samples are developed with local buried defects. The result of the tomography applied on these 
samples and stainless steel samples (from Areva NP) are in accordance with the skin effect equation.
© 2011 Published by Elsevier Ltd.
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1. Introduction
Widely used in industrial applications, a kind of alloy, called stainless steels, is dedicated to be exposed to 
extreme conditions like high temperature or corrosive environment. As an example, nuclear plant 
application can be quoted. Contrary to the steel, the composition of the stainless steels excludes staining 
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or corrosion by addition of Chrome. However at high temperature (600 °c) exposure, various phases may 
appear. Many different oxides can be formed on the surface. It induces a breaking of the continuity in 
mechanical and physical properties of the structure. Formation of grain boundaries carbides locally lead 
to the apparition and diminution of chrome content around the oxide. It favors corrosion and ion diffusion 
between the alloy and the environment. To follow this phenomena and its consequence, an analysis using
a wide range of techniques is necessary to evaluate the critical processes and mechanisms.
Characterization and microscopy techniques (near-field optical microscopy [1], Atomic Force 
Microscopy (AFM) [2], Force Microscopy (LFM) [3] ... ) give surface informations. However most of 
industrial applications require investigations on the sample volume. Measurement of electromagnetic 
properties of materials at nanometer scale give information about the detailed physical structure of a 
material. This work presents a metal tomography based on the skin depth and a electromagnetic excitation 
at microwave frequencies. Agilent Technologies proposes a new technique of Scanning Probe 
Microscopy which associates electromagnetic measurement of a Vector Network Analyzer in microwave 
frequencies with the nanometer resolution positioning capabilities of an Atomic Force Microscope. Using 
this apparatus, we developed a non-destructive technique allowing the characterization of defects located 
in the volume of a metal sample. This microscope was used for a tomographic study on a metal sample 
with local buried defects in order to observe the effects of various frequencies on the investigation depth.
2. Matérial
The materials used in this study are conventional stainless steels like a 304 stainless steel used in 
pressurized water reactors and boiling water. The original weight composition in % is, 73,8 Ni, 16,05 Cr, 
8,8 Fe .... The sample is exposed to a primary environment during 1500 h at 325 °C under a 0.3 Bar 
pressure of H2. After this exposure, the external oxides as well as a substrate layer of 1.4 μm are 
removed. The SEM imagery highlights the presence of oxides grain boundaries.
3. Experimental apparatus and process
The experimental device is composed of a vector network analyzer linked to an Atomic force microscope 
(AFM) probe by coaxial cable. The AFM head is associated to a resonant circuit which is disturbed by the 
conductive AFM probe. An electromagnetic signal at microwave frequency is directly sent from the 
network analyzer and injected to the AFM probe in contact with the sample to scan. The cantilever and 
the probe play the role of a ORFDOUDGLDQWDQWHQQDIRUHPLVVLRQDQGUHFHSWLRQRIWKHHOHFWURPDJQHWLF¿HOG
The reflected microwave signal is specific to the probe-sample interaction. The complex reflection 
coefficient, which is the ratio between the incident and reflected signal, traduces this interaction at this 
point. The frequency range used here is between 1 and 6 GHz. The tips used here are traditional AFM tips 
of silicon nitride. The microwave tomography is based on the skin effect which associates a deep
penetration in metal to a frequency excitation. The potential of the microwave microscope associated to 
the ability to differentiate the microwave images obtained at different frequencies allow the establishment 
of an in-depth cartography. The microwaves images presented on this figure inform about the phase 
differences, directly related to the materials nature, obtained at various frequencies. The frequencies used, 
to characterize the metal sample with grain boundaries, as well as the corresponding depth, are specified. 
4. Experimental observations
AFM images (15μm) show the elements on the surface (Fig 2). The deflexion and topographic images 
indicates a discontinuous alignment of oxides domain with rectangular shape (yellow zone). The zone of 
interest is shown on the following couple of images with a scale of 5μm. 
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Fig. 2. (a)Topographic image; (b) deflexion image of the sample
To differentiate the effect due to the size and the depth, two frequencies are chosen 1,878 GHz and 2,103 
GHz) which are very close to use the same scale in magnitude and phase. To summarize, the images
obtained for each frequency exclude surface elements composed of group of closed particles. Thus it 
indicates that the images are tomographic images and not images of surface. To validate this hypothesis, 
the size of an oxide domain is evaluated by each frequency and by afm of the surface. The size is more 
important in the case of the AFM imagery.
5. Interpretation
According to this hypothesis, the size of the oxide domain reduces with the investigated depth. An 
estimation of the investigate depth is possible in respect of the composition of the stainless steel and the 
skin effect calculation. Its conducts to associate to 2.103 GHZ frequency a depth of about 83 nm and 
98nm with 1.878GHz
6. Conclusion
This experiment highlights the ability of this non-destructive process to establish a microwave 
tomography inside metal and to detect defects located in the volume of a metal sample. It is interesting to 
denote that its resolution allows the mapping of nanometric defects (lower than 10 nm) in-depth. The 
pursuit of this work is to investigate in depth with a wideband frequency in order to develop a fine 
resolution tomography in metal.
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Fig. 3. (a)Topographic image ; (b) deflexion image of the sample; (c)Phase image at 2.103 GHz, horizontal distance 
(d) Phase image at 2.103 GHz, horizontal distance(e)Phase image at 1.878 GHz, horizontal distance (d) Phase image 
at 1.878 GHz, horizontal distance
